Background. We performed a comparative study on Ca2' release activity of the sarcoplasmic reticulum and calcium sensitivity of contractile apparatus of chemically skinned myocardial fibers obtained from four nonfailing human hearts and 13 excised hearts from patients with idiopathic dilated cardiomyopathy.
Methods and Results. Ca2' sensitivity of contractile apparatus was studied by following the isometric tension developed by chemically skinned myocardial fibers challenged with solutions of decreasing pCa. Ca2+ release from sarcoplasmic reticulum was monitored indirectly by measurement of the isometric tension developed by skinned fibers challenged with caffeine. We observed no significant difference of Ca2' sensitivity and cooperativity between normal myocardium (pCas0=6.00±0.05; Hill coefficient, nmj,J=2.07±0.10) and dilated cardiomyopathy (pCa50=6.03+0.07; nHil=2.72±0.30) when the fibers were stretched to 130% of the resting length. We also found that both in normal myocardium and dilated cardiomyopathy, stretching to 150% of the resting length increased the Ca2' sensitivity of the contractile system; pCa50=6.21±0.01 and 6.13±0.04 in normal and dilated cardiomyopathy, respectively, whereas in dilated cardiomyopathy there was a decrease of Hill coefficient with stretching that was not observed in the control group. The caffeine threshold in idiopathic dilated cardiomyopathy was markedly increased compared with the control group, 1.94±0.27 mmol/l and 0.29±0.04 mmol/1 caffeine, respectively, whereas there were no significant differences in the extent and rate of caffeine-induced Ca2+ release.
Conclusions. These results indicate that in idiopathic dilated cardiomyopathy there is no alteration of contractile and regulatory proteins; on the contrary, the gating mechanism of the Ca2`release channel of sarcoplasmic reticulum is abnormal, suggesting a possible involvement of the excitation-contraction coupling in the pathogenesis of this disease. It should also be taken into account, however, that the increased caffeine threshold in dilated cardiomyopathy would be a result of the enhanced resistance to the skinning procedure secondary to the modification of lipid species and/or content in sarcoplasmic reticulum membrane. ( 
Calcium Sensitivity of Contractile Apparatus
Single bundles were isolated with the help of a dissecting microscope, transferred into a chamber containing 1.0 ml of relaxing solution (170 mmol/l K+, 2.5 mmol/l Mg2+, 5 mmol/l ATP, 5 mmol/1 EGTA, 10 mmol/l imidazole, pH 7.0), and inserted between two clamps, one of which was attached to a tension transducer. The fibers were stretched to 130% of the resting length. All the experiments were carried out at room temperature (20-23°C) .
Calcium sensitivity was measured by following the isometric tension developed by the fibers rinsed in solutions of decreasing pCa (170 mmol/l K', 2.5 mmol/l Mg2+, 5 mmol/l ATP, 5 mmol/l EGTA, 10 mmol/l imidazole, pH 7.0, and Ca21 from 0.8 mmol/1 [pCa 7 .0] to 4.78 mmol/1 [pCa 5 .0]). Free Ca2+ and Mg2+ concentrations were calculated according to the method of Orentlicher et al."1 After tension attained plateau, fibers were released by the addition of 10 mmol/l EGTA and then incubated with the solutions of successively decreasing pCa. The experiments were carried out on fibers stretched to 130% of the resting length. In seven biopsies of DCM and four normal biopsies, we repeated the experiments with the fibers stretched to 150% of the resting length. The isometric tension, P, developed at a given pCa, was normalized to the maximum tension, P0, developed at pCa 5.0.
Ca'2 Release From Sarcoplasmic Reticulum
Ca2+ release was monitored indirectly by following tension development.12 Fibers were allowed to accumulate Ca2+ into the sarcoplasmic reticulum by incubating in a pCa 7.0 solution (170 mmol/l K', 2.5 mmol/l Mg2+, 5 mmol/l Ca2') to record the maximum Ca`+-activated tension and maximum rate of rise in tension.
Calcium Uptake
Calcium uptake of two normal and two DCM biopsies was measured by incubating skinned fibers for 10 minutes in 2.0 ml of a solution containing 45Ca2' buffered at pCa 7.0 (specific activity, 5Ox103 cpm/nmol Ca2'). After incubation, the fibers were rinsed for 5 minutes in a modified wash solution containing 0.25 mmol/l EGTA, 10 mmol/l MgC12, and 50 ,gmol/l ruthenium red, and the fibers were then solubilized by incubating overnight in 100 ,u of 1 N NaOH. Radioactivity was measured by liquid scintillation spectrometry.
Protein concentration was determined with the method of Lowry et al,19 using bovine serum albumin as standard.
Statistical Analysis
Results were expressed as mean+SEM. Statistical significance was performed by Student FIGURE 5. Distribution of caffeine threshold concentrations in 15 bundles from four normal ventricles and 42 bundlesfrom 13 dilated cardiomyopathy ventricles. Caffeine threshold was measured as described in the legend of Figure 4 . o, Normal group; *, dilated cardiomyopathy. the fibers of DCM had a caffeine threshold higher than 0.50 mmol/l.
A second parameter of comparison of caffeineinduced Ca2' release from the sarcoplasmic reticulum was related to the isometric tension developed by skinned fibers at threshold concentration of caffeine (P) normalized to the maximum tension evoked by 20 mmol/l caffeine (P0), which releases almost all the Ca2' accumulated in sarcoplasmic reticulum. P/P0 is, therefore, an indirect measure of the extent of caffeine-induced Ca2' release at the threshold. Table  3 shows that P/P0 was 0.18+0.01 in DCM and 0.20+±0.02 in normal myocardium, with no statistical difference. A third parameter studied was the rate of rise in tension elicited by caffeine at threshold concentration and at 20 mmol/l, which is assumed to be related to the rate of Ca2' release from the sarcoplasmic reticulum.12 The values were normalized to the rate of rise in tension measured at pCa 5.0, when the rate of rise in tension is a function only of the diffusion rate of the externally applied Ca2' and when the contractile machinery is fully activated by Ca2+. Table 3 shows that the rate of rise in tensionthat is, the rate of Ca2' release from the sarcoplasmic reticulum -induced by threshold concentrations of caffeine was 0.08+0.03 and 0.06+0.01 in the normal group and DCM, respectively, with no statistical difference, whereas at 20 mmol/l caffeine, it was 0.36+0.07 and 0.32+0.04 in the normal group and DCM, respectively. In summary, these results indicate that the sarcoplasmic reticulum Ca2+ efflux channel is less sensitive to caffeine in DCM than in the normal control group. On the other hand, there were no differences in extent and rate of caffeineinduced Ca2' release between DCM and the normal control group.
Because caffeine-induced calcium release seems to be dependent on the Ca2' loading by the sarcoplasmic reticulum, 15, 16, 26 it is possible that the increased caffeine threshold in DCM could be a result of a lower Ca21 loading of sarcoplasmic reticulum. This possibility was tested by measuring tension devel-oped by skinned fibers at 20 mmol/l caffeine (P0) normalized to that measured at pCa2+ 5.0 (X0) when the contractile machinery is fully activated by external Ca2`. Since Ca21 uptake. In conclusion, the most likely explanation for the higher caffeine threshold found in DCM seems to be a decreased caffeine affinity of sarcoplasmic reticulum Ca2' release channel. The possibility cannot be ruled out, however, that the increased caffeine threshold is a result of enhanced resistance to the skinning procedure secondary to the modifica-tion of lipid species and/or content in sarcoplasmic reticulum membrane.
On the other hand, we did not find differences between DCM and the normal group with regard to the rate and extent of Ca2' release induced by caffeine either at threshold concentrations or at 20 mmol/l caffeine. These findings suggest that in DCM, there are no changes in the number and conductance of caffeine-sensitive channels of sarcoplasmic reticulum.
These results may have physiological significance, considering that caffeine activates the Ca2+-induced Ca2' release mechanism.1821,2226 Ca2+-induced Ca2+ release is the mechanism by which Ca2+ release from the sarcoplasmic reticulum is triggered by a rapid increase of free Ca2+ at the outer surface of the sarcoplasmic reticulum.36-38 A recent study on isolated cardiomyocytes indicates that Ca2+ entry through the L-type of sarcolemmal Ca2+ channel is required to trigger the release of Ca2+ from the sarcoplasmic reticulum.39 Caffeine activates the Ca2+-induced Ca2+ release by interacting directly with the Ca>2 release channel regulatory sites of the sarcoplasmic reticulum Ca2'-release channel, increasing their affinity for Ca +.16,17,21,22,27 Since Ca2+ and caffeine are thought to activate the same mechanism -the Ca2+-induced Ca>2 release18212226-our results suggest that in DCM, higher free Ca2+ concentrations are required for maximum activation of the sarcoplasmic reticulum Ca2+ release channel.
In conclusion, our results demonstrate that in DCM, the Ca2+ sensitivity of the contractile apparatus is unaffected, whereas the gating mechanism of the sarcoplasmic reticulum Ca2+ release channel is abnormal, suggesting a possible involvement of the excitationcontraction coupling in the pathogenesis of this disease.
